Nutritional deficiencies among children and mothers in lower-income households in Sri Lanka continue to be a major obstacle to the country's social and economic development. This study investigates the factors affecting dietary caloric adequacy in Sri Lanka, paying special attention to maternal income. An econometric analysis was performed using a household data set collected from a sample of 183 low-income households in the urban, rural, and estate sectors. The results showed that on average, mothers and children in the sample did not consume adequate levels of calories according to the recommendations of the Medical Research Institute of Sri Lanka. The mother's income and educational status, the number of children and adults in the family, and the ages, sexes, and birth orders of the children significantly influenced household and individual caloric adequacy. Specifically, the mother's income had a significant positive effect on the total caloric intake (CI) and caloric adequacy ratio (CAR) of the household, mother, and children and a significant negative effect on the relative caloric allocation (RCA) of the children. The results imply that when maternal employment generates extra income, the CIs of all individuals increase, yet the allocation of calories to the children of the household is reduced. Thus, provision of employment opportunities for mothers, along with adequate child-care facilities and nutritional educational programs, is a possible strategy to improve caloric adequacy among low-income households in Sri Lanka.
Introduction
Poverty and malnutrition are two of the major developmental challenges facing Sri Lanka. Successive governments have identified the importance of a healthy and productive future generation for the economic and social development of the country, and have therefore placed much emphasis on improving the nutritional status of the people, especially children and mothers. Concurrent with poverty alleviation programs, governments have implemented special maternal and child nutrition improvement programs, as well as nutritional awareness programs through health clinics.
Despite such efforts, malnutrition has been continuously reported among mothers and children, especially those from low-income groups. Data on malnutrition among children and mothers, which is one of the results of dietary caloric inadequacy, show that the highest percentages of stunted (33.8%) and underweight (44.1%) children are recorded in the estate sector, followed by the rural and urban sectors. Furthermore, the highest percentage of malnourished mothers according to body mass index is recorded in the estate sector (58.6%), followed by the rural and urban sectors [1] .
Household and individual income levels, sources of income, food habits, and household characteristics affect the food intake and thereby the dietary caloric adequacy of household members. Empirical evidence suggests that mothers play a significant role in determining the nutritional level of the household. Studies have shown that there are significant differences between the welfare benefits of income from men and that from women to the household, and the share of Maternal employment and income affect dietary calorie adequacy in households in Sri Lanka 223 income generated by mothers makes a significant contribution to the proportion of the household budget that is allocated to education and staples.* Further, studies have shown that women's educational levels and status within the household, the health environment, and the care received by children affect the nutritional status of the children [2, 3] . At present, women in Sri Lanka are involved in many economic activities. Women workers are dominant in the tea plantation and garment sectors and as expatriate workers in the Middle East. It is expected that with the increase in income level of women, their bargaining power in the allocation of household resources will tend to increase. Previous studies have found that poor women in the tea plantation sector of Sri Lanka earn higher incomes than poor women in other sectors and have better access to health-care facilities and specially designed maternal nutrition programs, yet the level of nutrition of mothers and children still remains low [4, 5] .
Given this context, the main objective of this study is to assess the dietary caloric adequacy among lowincome groups in Sri Lanka, placing special emphasis on maternal income. The specific objectives are to determine the dietary caloric adequacy at the household and individual levels (children and mothers), and the factors affecting caloric intake and caloric adequacy at the household and individual levels and caloric allocation among different individuals in the same household.
Past studies
Many socioeconomic studies have been conducted in Sri Lanka to examine the nutritional status of households and the factors affecting food intake. Tudawe [6] , who conducted a study on the nutritional status of people in the Kirindi Oya Project area, found that differences in distribution of income influenced nutritional intake. Gunasekara [7] found that the status of malnutrition, as measured by anthropometric indices, depends on the employment status of the mother, the number of living children, the pregnancy status of the mother, and her level of education. However, only a few studies have considered the effect of the income level of mothers on dietary caloric adequacy. It was found that the maternal nutritional status of tea plantation workers, as measured by caloric intake and health status, was low compared with that of many other segments of Sri Lankan society. It was also found that nutritional status and health status are the results of specific income-related, work-related, historical, social, and structural factors [4, 5] . Rathnayake and Weerahewa [8] , following Senaur et al. [9] , conducted a study to identify the factors determining intrahousehold allocation of calories among the urban poor. They found that on average children and mothers do not consume adequate calories in comparison with fathers. They also found that the mother's income had a significant positive effect on her own relative caloric allocation and a significant negative effect on the children's relative caloric allocation.
Studies conducted in other countries have found that improvements in women's educational levels help to reduce the level of malnutrition among children [10] . Furthermore, according to Smith et al. [11] , the nutritional status of children can be improved by improving women's social status or their power relative to men. Fabella [12] found that the food intake of children increased with increased family income, and that increase in the educational level of the mother helped to increase the food intake levels of girls.
Methods
The caloric intake (CI), caloric adequacy ratio (CAR), and relative caloric allocation (RCA) of households, fathers, mothers, and children were considered the indicators of dietary caloric adequacy in the analysis. CI was calculated from the food-consumption levels of different individuals and the caloric content of different food items. This measure does not consider the individual caloric requirements, and hence it does not give any clear picture of caloric adequacy. CAR was calculated by dividing the actual CI of an individual by the recommended daily allowance of calories for each individual. CAR measures the proportion of the recommended level of CI consumed by an individual family member. Age-and sex-specific values of daily levels of calories recommended by the Medical Research Institute (MRI) of Sri Lanka were used for the individuals in all the sectors [13] . The values of per capita daily allowance of calories recommended by the World Health Organization (WHO) and the MRI of Sri Lanka are the same. However, there are differences between the vitamin and iron daily recommendations suggested by WHO and MRI, which were not considered in this study. These daily caloric requirements are not adjusted for activity levels of the individuals, because of the unavailability of data for the urban and estate sectors. In order to find out the nature of food allocation among household members, RCA was used as the indicator. The RCA is the ratio between the CARs of individuals and the household CAR, and it measures the distribution of calories among individuals in relation to the total number of calories available to the household. It delineates not only nutritional adequacy but also the distribution of calories among household members.
Multiple regression analysis was performed to determine the factors affecting CI, CAR, and RCA. Separate models were estimated for households, mothers and children. CI, CAR, and RCA were used as the dependent variables, and the income levels, educational levels, and ages of the mothers and fathers, the family size, and the sex, birth order, and ages of the children were considered as the independent variables. The mother's pregnancy or lactation status was also included where appropriate. If the mother was pregnant, a value of one was assigned, and zero was assigned otherwise. Similarly, if the mother was lactating, a value of one was assigned, and zero was assigned otherwise.
Caloric adequacy elasticities with respect to the mother's income level were also calculated for households and individuals in the total sample by using the following functional forms (note that Y is the indicator of caloric adequacy, X is the vector of independent variables with j = 1,…,n where j = 1 indicates mother's income):
and in this formation the caloric adequacy elasticity is given by
(ii) The log-log model was specified as ln
β j lnX ij , and in this formation the caloric adequacy elasticity is given by η 1 = β 1 .
(iii) The log-linear model was specified as ln Y i = α + j= Σ j=n 1 β j X ij , and in this formation the caloric adequacy elasticity is given by η 1 = β 1 X -1 .
(iv) The linear-log model was specified as Y i = α + j= Σ j=n 1 β j lnX ij , and in this formation the caloric adequacy elasticity is given by
The field surveys conducted by Rathnayake and Weerahewa [8] When the survey was conducted, these research-ers were students at the University of Peradeniya, and they gathered these data in order to complete their research work under the supervision of the second author of this paper. The relevant authorities of the University of Peradeniya gave approval to conduct the above studies. The sample included 260 low-income households, which consisted of 60 households from an urban area (Kandy Municipal Limits), 100 from a rural area (Polonnaruwa District), and 100 from an estate area (St. Coombs Estate in Thalawakale). In the urban area, data were collected from four purposely selected Gramasevaka divisions, since lower-income groups are concentrated in these areas. Those divisions were Suduhumpola, Deyyannewela, Bahirawakanda, and Mahayyawa. In the rural area, data were collected from five randomly selected Gramasevaka divisions: including Bandiwewa, Alikimbulawa, Katukaliyawa, Bogahadamana, and Yudaganawa. From this sample, households whose monthly income fell below Rs 1,206.04 (US$1 = Rs 94.95) per person and that consisted of a father, a mother, and their children (i.e., nuclear families) were selected for the analysis. A monthly income of Rs 1,206.04 per person was considered the poverty line.*** This limited the sample to 43, 60, and 80 households from the urban, rural, and estate areas, respectively.
The researchers used structured questionnaires to collect data on food consumption and household characteristics. The questionnaire was developed by the researchers themselves and was initially pretested on 20 households in the urban area. During the pretest, it was found that the main difficulties were collecting reliable data on household income levels and daily food-consumption levels by recall. As a remedy, a few indirect questions were included in the questionnaire to cross-check the responses. For example, in addition to monthly income levels, questions on monthly expenditure levels were also included. Furthermore, questions on individual food-consumption levels were more disaggregated. Separate pretests were conducted in the rural and estate sectors, and subsequent modifications were made for the questionnaire used in the urban sector. The first survey was carried out in the urban sector by the first author of this paper, and instructions were provided to others to carry out the other two surveys.
Individual food-consumption data for the previous 24-hour period for all family members were collected by the recall method. Data on meals and snacks eaten out of the home were also collected by the recall method. The family members were asked the amount of food they had consumed during the previous 24hour period. The questions were directly asked of the mother (or if not, of a female adult) of the household, since food allocation is done mainly by mothers or by other female members of the household. The main limitations of the recall method for gathering foodconsumption data are that the respondent cannot precisely recall food-consumption levels and that the day on which the interview is conducted may not be representative. Therefore, food-consumption data were collected on five randomly selected days within a period of one month by making personal visits to each household. The caloric content of each meal of each family member except infants was calculated from standard food-conversion tables. The main limitation of the questionnaire, apart from the difficulties associated with recall, is that it is lengthy, requiring approximately 40 minutes to be filled in by the interviewer. Table 1 shows selected socioeconomic characteristics of the sample. As stated earlier, the data set gives information from 183 nuclear families. An average household consisted of approximately three adults and two children. On average, a family earned a monthly income of Rs 5,232.40, of which the contribution of the mother was Rs 1,435.50, far below the amount contributed by men. The average educational level of the mothers and fathers in the sample was six years. Table 2 shows the status of caloric adequacy among different individuals in different sectors. On average, the subjects had a CAR of less than 1, implying that the CI was inadequate. However, there were differences between different sectors and different individuals. All the individuals in the rural sector had CARs of less than one, whereas only the children in the estate sector had a CAR of less than one.
Results
Regression analysis was performed to identify the determinants of CI, CAR, and RCA, focusing on mothers and children, since they were the individuals who did not consume adequate amounts of calories. In addition, the determinants of household CI and CAR were examined. A number of specifications were estimated to identify the determinants by including different types of independent variables and using various functional forms.
Linear models were found to be satisfactory for the CI of households and mothers, and a log-linear model was found to be satisfactory for children. Table 3 presents the results of the analysis. The results clearly show that the mother's income has a significant positive effect on the CIs of the household, mother, and children. It was found that the income earned by fathers did not have a significant effect, although the coefficients have the expected positive sign. Among education variables included in the specifications, the mother's education had a positive and significant effect only on the mother's CI, suggesting that the number of years of formal education of the mother influences only her own CI. The results also indicate that when mothers are older, they tend to consume more calories and feed their children well. Among children, boys consume more calories than girls. Also, the elder children were fed better than the younger children, as revealed by the coefficient for birth order. Larger families, as measured by the number of adults and children, consume more calories.
Among the specifications tested to identify the determinants of CAR of households, mothers, and children, linear specification was found to be satisfactory for households and mothers and log-linear specification for children. The analysis clearly shows a positive relation between the mother's income and the CARs of the household, the mother, and the children (table 4) . Contrary to the popular belief that education has a strong positive impact in alleviating caloric inadequacy, the higher the level of the mother's education, the lower the CAR of the children and the higher the CAR of the mother. The larger the family size, the lower is the household CAR, but the larger the number of adults, the higher is the CAR of the children. The latter result implies that such adults, i.e., elder children in the family, help in child-care activities. Among children, the boys are better nourished than the girls, and elder children are better nourished than younger children. Further, when the mother is pregnant or lactating, calorie adequacy among children tends to be reduced.
Regression results for RCA are presented in table 5. Log-linear and linear specifications were found to be satisfactory for mothers and children, respectively. The results show that the mother's income has no significant effect on her own RCA but has a significant negative effect on the children's RCA. The results also imply that more-educated mothers allocate more calories to themselves than do less-educated mothers. Among children, male children get a fair allocation of food compared with female children, and elder children get a fair allocation compared with younger children in a family.
The above results very clearly indicate that extra income earned by mothers by engaging in employment has a significant impact on caloric adequacy. This aspect is highlighted in table 6 by the use of caloric adequacy elasticities, which indicate that the CI and CAR of households, mothers, and children are increased by increased maternal income. Formal education is not sufficient to alleviate caloric inadequacy, and hence specifically targeted nutritional programs will be needed. Furthermore, as the conventional wisdom suggests, provision of adequate care is important in alleviating nutritional deficiencies.
Conclusions and policy implications
This study investigated the status of dietary caloric adequacy and assessed the impact of different characteristics of mothers on caloric adequacy in low-income households in Sri Lanka. CI, CAR, and RCA were used as indicators of caloric adequacy. The data were obtained from a survey conducted in an urban, a rural, and an estate area. Separate regression analyses were performed using CI, CAR, and RCA of mothers and children and CI and CAR for households as depend- ent variables. Household characteristics, including the income, education, and age of the mothers and fathers, the age, gender, and birth order of the children, and family size, were considered as independent variables. The mean CARs of households, mothers, and children were 0.85, 0.95, and 0.69, respectively, indicating that on average, households, mothers, and children did not consume adequate levels of calories as compared with the daily recommended levels. The results of the regression analysis show that the income level of the mother has a statistically significant positive impact on the CI and CAR of the households, mothers themselves, and children. This clearly implies that the higher the income of the mother, the higher the CI and the lower the calorie inadequacies of all individuals in the household. The regression results also indicate that the mother's income had a statistically significant negative effect on children's RCA. This result does not indicate that the nutritional status of the children is worsened when the mother works, because the actual CI and CAR of the children increase when their mother works. This phenomenon could be due to the fact that mothers do not have adequate time to carry out the allocation of food when they are employed. Furthermore, the results showed that the mother's educational level, as measured by her years of formal education, did not have a significant positive effect on caloric adequacies. Rather, the children's CAR increased as the number of adults in the household increased, a result implying that the adults were providing more care to the children.
The findings of this study have a number of policy implications. They suggest that significant improvements in the dietary caloric adequacy of children can be achieved by improving the level of income of mothers in low-income households in Sri Lanka. However, the results indicate that increasing mothers' incomes alone is not an effective strategy to improve the nutritional status of children, since the increase in mothers' incomes is associated with a reduction in the relative allocation of calories to children. The study emphasizes the importance of providing child-care facilities for working mothers. Furthermore, it recommends investments in targeted nutritional education programs, since formal education, as measured by years of schooling, does not seem to contribute to the alleviation of caloric inadequacies.
